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Abstract
In the present work, the exact solution of Einstein’s field equations which has been given by Curzon in 1924
[1] representing the field of a static binary system is reviewed. An adapted version of this solution is obtained
to describe a dynamical binaries in a rotating coordinate system. It is shown that this version of the solution is
time-dependent. It reduces to the later one in the static case if the rotation goes to zero. The original Curzon
solution shows that there are two singularities at the two masses, while in the modified version the singularities
become on the world-line of the two masses. The solution shows no additional coordinate singularities. The
killing vector field of the axial symmetry is obtained in the modified version. In addition, the rotation admits a
further rotational symmetry, so a rotation killing vector field is also obtained and discussed. The equations of
motion for a test particle in the field of a binary system are formulated and solved. Such equations have been used
to study the gravitational time delay of arrival (Shapiro delay) of signals from binary pulsar systems resulted from
our suggested modifications containing additional terms. These terms are interpreted as higher order corrections
to the masses. In particular we investigate the gravito-magnetic effect due to orbital angular motion of the double
pulsars. We give numerical estimates of this type of the time delay in the case of the double-pulsar system PSR
J0737-3039 A&B. We draw a model curve for the gravito-magnetic time delay during one orbital revolution. We
suggest that this type of delay will have a larger contribution during the last phase of the system evolution.
Introduction
What is meant by the two body problem is the problem of two structurless non-spinning point-like particles, char-
acterized by two mass parameters m1 and m2, moving under their mutual gravitational interaction. In order to
formulate this problem, one aims to get an explicit expression of acceleration of the binaries in terms of their
positions and velocities. To discuss this problem we can dissolve it into two aspects: i) obtaining the equations of
motion of the two interacting bodies, ii) solving these equations. In the context of Newtonian gravity the members
of the binary system are considered as widely separated objects, such that the contribution of the non-linear effects
can be neglected. Newtonian gravity has a linear structure that enables us to derive the equations of motion of the
binary components, and also to get an exact solution for these equations. It gives a full treatment of the binary
system. On the other hand, in General Relativity, the field equations have a non-linear hyperbolic structure, so that
it is not easy even to get the equations of motion for such systems. Since in General Relativity the equations of
motion are embedded in the field equations, consequently it is very difficult to derive the field equations as a linear
functional of the matter distribution independently of the equations of motion [2, 3].
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One may ask why we are obliged to deal with General Relativity. Actually the Newtonian theory is very lim-
ited, since it deals only with systems, have a widely separated and slowly moving objects. Therefore, the later can
not predict the behavior of systems with a small separation and fast moving objects. Moreover it can not account
for the accumulating small feed back effects, e.g. the advance of perihelia of planetary orbits. Fortunately, in such
cases we are saved by General Relativity, which gives a good agreement with the observational and experimental
tests. In order to avoid the above mentioned difficulties, most of the relativistic treatments in the literature have
used an approximation technique, e.g. the Parameterized Post Newtonian (PPN) method. This method expands
the relativistic effects in power series of v/c, when only the relativistic expressions with order of v2/c2 added to
the Newton’s law, so it is called first post-Newtonian (1 PN) approximation [4]. Recently, the equations of motion
of binary systems have been derived at the third and half post-Newtonian (3.5 PN) order. However the beauty
of this technique is its applicability for various classes of relativistic theories of gravity and also on its attractive
mathematical formalism. The weak point of this technique is the violation of the general covariance principle.
Exact solutions in General Relativity have played an important role to give a full description of some physical
problems (e.g. Schwarzschild, kerr, Reissner-Nordstro¨m). The meaning of an “Exact Solution” is that the metric is
written in a coordinate system, in terms of the well-known analytical functions. Unfortunately there are few exact
solutions, for real physical problems, that have been established, as mentioned by Kinnersky c.f. [5] “Most of the
known exact solutions describe situations which are frankly unphysical”.
Although we have a lot of these non-physical solutions, one of the most important problems, which remained with-
out an exact solution, is the physical field of two bodies. In general, for any physical problem we aim to construct a
mathematical model; using some reasonable conditions; defined by a certain set of differential equations. Actually
it is not easy to interpret the obtained solution, in some physical theories such as General Relativity, because of
its high non-linearity. But even if we could not understand the qualitative features of an exact solution, we can
compare it with approximate results, which will be very useful, to check the validity of this solution.
In the literature there are many attempts to solve the two body problem in the frame work of General Relativ-
ity. The solution required is expected to represent the field of two revolving objects (singularities) in one system.
Among these attempts is that given by Curzon [1]. Unfortunately, this solution is static.
The aim of the present work is to adapt Curzon exact solution, of Einstein’s field equations, to represent a time-
dependent case of a binary system. This is done by rewriting the Curzon metric in a rotation frame. In general,
rotation is rather poorly treated in general relativity, although it does represent a big conceptional problem which
is called ”Anti-Machian” nature [6]. The rotating frame effect is essentially reduced to affecting the dynamical
mass of the rotating body, exactly as the translational motion does, and to the spacetime geometry through gravito-
magnetic effects. In Section 1 we discuss the important role of rotating frames of reference in the context of general
relativity. Also to show that the difference between rotating systems (non-inertial) and inertial systems does not
only lie in a different category of the coordinates, but rather in different global chronogeometric properties of the
choice of the reference frames. However the rotating systems do not identify any class of equivalent observers,
which serves as an (absolute) reference frame. In 1924 Curzon obtained a solution, to Einstein’s field equations,
representing the field of two static singularities. For this reason, we give a brief review of Curzon solution in
Section 2, with its necessary background.
Unfortunately, this solution has been classified among un-physical solutions, since it does not represent a real
astrophysical system. We are going to adjust this solution in order to be suitable for describing a binary system.
This certifies a difficult task, but we are going to simplify this problem in the following manner. We assumed that
the two members of the system have comparable masses rotate in a circular orbit about the center of mass of the
system. We assumed further, that the line of sight is in the plane of the orbit. This represents a two body problem
which represents many physical configurations especially the case of PSR J0737-3039 [7, 8]. In Section 3, we are
going to adjust this solution to represent the field of a real binary system.
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We test the solution by reducing it to a flat space and schwarzschild solutions, under certain conditions, in Sec-
tion 4, also the coordinate singularities and the additional rotational killing vector field admitted has been obtained
and discussed.
The motion, of a test particle, in the modified Curzon field is treated in Section 5. The equations of motion are
applied to find the time delay of the pulses of a pulsar in a binary system and discussed in the case of the double
pulsar PSR J0737-3039 like, in Section 6. The work is discussed and concluded in section 7.
1 Rotation and Space-time
Some authors claim that the rotating reference frame is merely a coordinate transformation. In this section we are
going to show that the new possible description of the physical processes in the rotating system is not fake con-
sequences of the coordinate transformation. It is the space-time geometry itself that is at the issue. It seems that
there is a common agreement on the special theory of relativity and its conceptual foundations and experimental
results. But one of the important points is the effect of a rotating frame of reference which is still misunderstood.
In fact, in 1909 Ehrenfest pointed out to an internal contradiction in the SR applied to the case of a rotating disk.
Few years later, Sagnac in 1913, showed a contradiction of special relativity with experimental data.
The peculiarities of rotating frames have led Einstein to stop his trails to generalize the Special theory of
relativity by considering accelerating frames. The consideration of coordinates on a rotating disc played the leading
role in the genesis of general relativity. It turns out, the difference between inertial and non-inertial frames of
reference, and between the special and the general relativity, is not in the choice of the coordinates. Rather, the
difference is that “chronogeometric characteristics become globally different” [9].
1.1 The Sagnac Effect Experiment
Now assume that two signals of light are emitted from a fixed source in a rotating frame and begin traveling, in
opposite directions, along the same ring trajectory with a constant radius r. We follow the two signals locally
using a successive local co-moving frames, the elapsed time can be calculated by integrating the time intervals
as measured by the these frames in which one can hold the constant speed of light c. We may expect that the
two signals use the same time interval to complete their circular trajectories and return back to their source. But,
experiment shows that the arrival times of the two signals are different. However, because of the time gaps ∆t the
two signals do not complete their circles simultaneously.
As seen above the Sagnac effect does not affected by a specific nature of the signals that propagate in the two
directions. But, it reflects directly the space-time geometry of the rotating reference frame. So we conclude that the
same Sagnac time difference is there for any two identical signals traveling into two directions as well as light. The
Sagnac experiment directly investigates the the relation between space-time relations and the rotating reference
frame.
This led some authors to attempt a non-time-orthogonal analysis [10]. They have concluded that not only the
sagnac effect be derived, but also all other observed rotating frame effects can be derived as well. Others such
experts as Neil Ashby goes further to violate constancy of the speed of light in a rotating frame, and holding the
speed of light as a constant in rotating frames leads to a significant error (c.f. [10] and the references therein
[15-25]).
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1.2 Measuring Concept in 3+1 Space-time
The second postulate of the special relativity states that ”laws of Nature remain invariant relative to all inertial ref-
erence frames”. On the other hand any observable physical quantity is in general frame-dependent! Then a problem
arises. To over come this fake conflict one can say the physical quantities may vary from frame to another, but
they would always combine in a such way to keep the physical law the same for all observers. In the mathematical
model of General Relativity, physical quantities are expressed by world tensors, to grantee the covariance principle
for all physical laws, which are just relations among these quantities. So, given a reference frame, or how do we
relate these absolute quantities to the relative ones? And how do we relate physical laws to reference-dependent
ones? Actually this can be done by a suitable 3+1 splitting, the mathematical model of spacetime to the observable
quantities which are relative to a reference frame?
This led some authors [11] to discuss the process of the a splitting procedure needed to obtain quantities that
have a true physical meaning, i.e. which are gauge invariant and, hence, observable. This has been done by using
the Cattaneos projection technique to study the curvature invariance in the relative space of a rotating platform.
Then they have show that the geometry of the relative space of the disk has a space curvature which is not zero1.
We can summarize this in the following diagram:
Space-time
4D
Rαβγδ = 0
projection

rotation // Rαβγδ = 0
contraction //
projection

R = 0
Spatial-space
3D
Rabcd = 0 Rabcd 6= 0 contraction // R 6= 0.
One of the most qualitative results of this technique is the indication of the existence of real physical effects
depending only on the rotating frame. As it appears only when ω 6= 0. It should be noted that the peculiarity of the
description of physical processes in the rotating frame is not a fake consequences of the coordinate transformation
[10, 12]. But The space-time geometry itself is at the issue.
Another interesting point when studying the invariants of the curvature tensor, i.e. the Kretschmann scalar
RabcdR
abcd and the Chern-Pontryagin scalar2 Rabcd ?Rabcd, we find a non-vanishing Kretschmann scalar but the
Chern-Pontryagin scalar vanishes for the static Schwarzschild metric at rest frame. Also for the static metric
boosted by velocity v the Chern-Pontryagin scalar scalar is still zero. While, considering a steady rotating source
gives non-vanishing values for both curvature invariants [13]. Now we may summarize this section in few points:
(1) The difference between translation (i.e. inertial) and rotation (i.e. non-inertial) frames is physical not a fake
consequences of coordinate transformation.
(2) The rotating frames affecting the global structure of the space-time.
(3) Some scalar invariants, in the four dimensional space-time, may be changed due to consideration of a rotating
frame of reference. This indicates different space-time geometry.
(4) The natural split from four dimensional space-time to 3+1 leads to a non-vanishing spatial scalar curvature,
which implies a non-vanishing temporal scalar curvature affecting our measurements of time.
1The vanishing of the curvature scalar of the spacetime still the same for all observers according to the covariance principle. But the spatial
curvature scalar has non-zero value in a rotating frame, which implies that a non-zero temporal scalar curvature affecting our measurements of
time.
2where ?Rabcd is the left dual of the Riemann tensor, similar to the electromagnetic field tensor Fab Fab, Fab ?Fab.
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This showed that the rotating frames of reference may play an important role to interpret (modify) some un-
physical solutions of the general theory of relativity. Among this un-physical solutions the Curzon metric [1],
which is suggested originally to describe the general relativistic gravitational field of two objects.
2 Curzon Solution
This solution is a Weyl class one, which has been found soon after the birth of GR. It refers to two singularities on
the axis of symmetry. This is mentioned by Bonnor [14] as “Probably the most perspicacious of all exact solutions
in GR”.
2.1 Standard Curzon Static Field
In this section, we aim to review the solution, obtained by Curzon in 1924 [1], of Einstein’s equations
R¯αβ = 0, (2.1)
for an axial symmetric gravitational field produced by two singularities (A, B) on the axis x¯1 separated by a
distance 2a. If the origin of a reference frame lies at the mid point between the two singularities on this axis, so for
an arbitrary point P in the plane of x¯1 and x¯2 coordinates the direction of these singularities can be defined using
bipolar coordinates r¯1 and r¯2. Where
r¯21 =
(
x¯1 − a)2 + (x¯2)2 , r¯22 = (x¯1 + a)2 + (x¯2)2 . (2.2)
The cylindrical coordinates used in this study are
x¯1 = z¯, x¯2 = ρ¯, x¯3 = φ¯, x¯4 = t¯. (2.3)
The metric characterizing the space, with axial-symmetric static gravitational field [1], is
ds¯2 = −eµ¯ (dz¯2 + dρ¯2)− e−ν¯ ρ¯2dφ¯2 + eν¯dt¯2, (2.4)
where µ¯ ≡ µ¯ (z¯, ρ¯) , ν¯ ≡ ν¯ (z¯, ρ¯) .
Curzon has found the following solutions for the above form that represents a static two-particle system, by
setting
ν¯ = −2
[
m1
r¯1
+
m2
r¯2
]
, (2.5)
µ¯ = 2
[
m1
r¯1
+
m2
r¯2
]
−
[
m21
r¯41
+
m22
r¯42
]
ρ¯2 +
m1m2
a2
[(
z¯2 + ρ¯2 − a2
r¯1r¯2
)
− 1
]
. (2.6)
where m1 and m2 are constants of the integration. One may realize how the contribution of the classical theory of
gravity is represented by this linear equation (2.5), while the general relativistic effects of the curved space-time is
given by the quadratic terms in equation (2.6).
Now by defining two angles α¯1 and α¯2, as the angles between by AP , BP and the axis z¯, respectively, one can
write the solution of (2.1), in the present case, as
ν¯ = −2
[
m1
r¯1
+
m2
r¯2
]
, (2.7)
µ¯ = 2
[
m1
r¯1
+
m2
r¯2
]
−
[
m21
r¯21
sin2α¯1 +
m22
r¯22
sin2α¯2
]
−2m1m2
a2
sin2
(
α¯1−α¯2
2
)
. (2.8)
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The solution given by (2.7) and (2.8) is the solution given by Curzon in its standard form [1].
2.2 Structure of the Curzon Metric
Many authors prefer [15, 16, 17, 18] to write the solution in an equivalent form for studying the structure of Curzon
solution. This is done by introducing a new function λ¯, such that
λ¯ = µ¯+ ν¯, (2.9)
Curzon solution can be rewritten in the following equivalent form.
ds2 = eν¯dt¯2 − e−ν¯
[
eλ¯
(
dz¯2 + dρ¯2
)
+ ρ¯2dφ¯2
]
,
where
ν¯ = −2
[
m1
r¯1
+
m2
r¯2
]
,
λ¯ = −
[
m21
r¯41
+
m22
r¯42
]
ρ¯2 +
m1m2
a2
[(
z¯2 + ρ¯2 − a2
r¯1r¯2
)
− 1
]
.
This solution was the source of a debate between Einstein and Silberstein [16, 19], the latter claiming that the
solution indicated the incorrectness of general relativity since its field equations yielded a patently unphysical so-
lution: two static point singularities completely surrounded by vacuum. The physical interpretation of the obtained
solution, that the region ρ¯ = 0, |z¯| < a cannot be considered as a vacuum solution of the Einstein equations.
From the current standpoint of general relativity the only alternative is to postulate a Tµν 6= 0 within this region,
i.e. to introduce a strut [17].
To compute the force between the two singularities, where λ¯(0) 6= 0 along the z-axis between the two singu-
larities, can be given as
λ¯ =
m1m2
a2
[
z¯2 − a2
r¯1r¯2
− 1
]
= −2m1m2
a2
, (2.10)
then the stress force between the two masses
F = −GM1M2
(2d)2
, (2.11)
if we take the Newtonian limit d m1,m2, the medium between the two masses contains a compression merely
the Newtonian force attraction [15]. This indicating (or suggesting) necessarily existence of singular structures
(”struts”, ”ropes”, or ”membranes”) that are responsible for holding masses against the attractive force of gravity
in a static configuration. This gives impression that the field equations in general relativity involve also equations
of motion.
Einstein pointed out that the line element represents a regular gravitational field outside of the two particles
when ν¯ and λ¯ and their first derivatives are continuous and also λ¯ must vanish everywhere for ρ¯ = 0 except at the
two mass-points. But the nonvanishing value of λ¯ on the axis (ρ¯ = 0) between the two mass-points does not satisfy
the regularity conditions. This led Einstein to say that the above solution must be ruled out as a purely vacuum
solution because of the following consideration. Consider a circle with center at ρ¯ = 0 in the two-dimensional
subspace t¯ = const, z¯ = const with |z¯| < a. If we take the limit of the ratio of its circumference C to its diameter
D as D −→ 0, we find that C/D −→ pie−λ¯(0). Since λ¯(0) 6= 0 for |z¯| < a, C/D does not approach pi, and hence
the above spacetime violates the condition of elementary flatness [19, 17].
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Also one of the interesting points is the directional singularity at ρ¯2 + z¯2 = 0. For example, the limit of
the Kretschmann scalar invariant R¯αβγδR¯αβγδ depends on the direction of approach to singularity. Then the
behaviour of invariants of the curvature tensor in the limit R¯ −→ 0 is strongly dependent on the direction of
approach. In other words, the limit of such invariants along the z¯-axis is in fact regular, while it is singular along
other directions; which leads one to make the suggestion that possibly the Curzon metric ”opens up” for particles
approaching R¯ = 0 along the z¯-axis, allowing them to pass on into some new region [18].
Another remarkable point for this solution is showing that a different behavior with respect to the manifold
from the Schwarzchild metric. In the case of negative mass both show point-like singularity [20]. In the case of
positive mass the Schwarzschild metric can have a nonsingular event horizon, while the Curzon metric shows a
singular event horizon of infinite area.This shows a distinct topological background for positive and negative mass
in the two metrics. Although the Curzon metric has axial symmetry, the Schwarzschild solution (a spherically
symmetric metric) can be found as a special case!
Moreover, the solution is an exact solution for which one can find such quantities of physical interest as radia-
tion patterns. Also it is not necessary to require the weak-field initial data. For all these characteristics, one may
find some interest in this solution.
3 Modification of Curzon Solution
Actually the static case, which had been studied by Curzon, does not represent any physical configuration (e.g. real
binary systems in Nature) in view of the fact that the binary systems are always dynamical systems. The main aim
of the present section is to show how to modify Curzon solution such that it can be used to represent the field of a
real physical binary system. Many authors aimed to use techniques for generating new stationary solutions from
the static ones [21, 22], including the Curzon solution, in order to give a physical interpretation for the Curzon
static configuration. This is by considering the stationary system of two masses kept apart by their gravitational
spin-spin interaction to stabilize the two masses by addition of angular momentum [23, 24, 25]. Actually these
developed solutions do not represent any physical configuration in Nature.
In order to describe such systems, the effect of time should be introduced, by considering a co-rotating coordi-
nate system, associated with the angular motion of the collinear singularities, with respect to a frame of reference
fixed at the center. It is similar to the situation of using co-moving coordinate systems in cosmological applica-
tions. Some claim that the rotating coordinates will not provide a new physics. This is right in the sense of the
spacetime is absolute with respect to all observers, but all our measurements are carried out in space and in time.
The spacetime is absolute with respect to all inertial observers, while the case of non-inertial observers is different
as discussed in section 1. Usually, practical arguments require a specific choice of one coordinate system over an-
other which may lead to different choices according to the situation. When geometrical relations become different,
coordinate systems with different characteristics, adjusted to the new geometry, may lead to a simpler description.
Although rotational motion has a character on its own since it appears to be absolute, unlike translational motion,
which is purely relative. But this does not change the conventional view of the coordinates’ nature. The transition
from inertial to non-inertial systems, or from special to general relativity, changes the global characteristics of the
physical temporal and spatial relations.
3.1 General Outlines of the Modification
Curzon has chosen the point P in the (z¯-ρ¯) plane. Since A and B are static they could not define a particular plane,
he always can reorient the coordinates by choosing a particular value of an angle φ¯ to make ABP plane always
coincides with the (z¯, ρ¯) plane, without affecting generality. While the non-static case, such collinear singularities
A and B are rotating around a common center C by an angular velocity ω. It is clear that the moving singularities
are defining a particular plane (orbital plane), so the point P should be an arbitrary point, not necessary in this
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plane. The separations between this point and the two singularities (A,B) are respectively
r¯21 = (z¯ − a)2 + ρ¯2 sin2 φ¯,
r¯22 = (z¯ + a)
2
+ ρ¯2 sin2 φ¯.
}
(3.1)
Where the angle φ¯ represents the inclination of the orbital plane (z¯, ρ¯); in the case of a rotating system; to the plane
of the sky. As φ¯→ pi/2 the binary system tends to be an eclipsing binary system with respect to an observer at the
point P .
In general the singularities (binary components) are assumed to be separated from C by distances a and b
(a 6= b), and the angular velocity ω in this case is a function of time. To simplify the problem we are going to
assume that the motion is circular as following:
1. The two singularities have comparable masses.
2. The distances, a and b, are equal.
3. The angular velocity ω of the collinear singularities is constant.
4. The orbits of the two singularities will coincident on each other producing a circular orbit with a radius a.
Now before discussing the non-static case, we will return to standard form of Curzon metric (2.4), and show its
form in other coordinate systems. This is done in order to facilitate comparison with some special cases.
3.2 A Particular Choice of Coordinate Systems
In order to refer the points of the manifold to the Cartesian coordinate system, as general covariance is still pre-
served since we use tensors in the formalism, we use the transformation
TI : (z¯, ρ¯, φ¯, t¯) −→ (x˜, y˜, z˜, t˜)
i.e.
z¯ = z˜,
ρ¯ =
√
x˜2 + y˜2,
φ¯ = tan−1(x˜/y˜),
t¯ = t˜.
 (3.2)
Applying (3.2) to Curzon metric (2.4) and recalling that ds is a scalar, we get
ds¯2(x¯β) = ds˜2(x˜α)
So we can rewrite (2.4) in the form
ds˜2 = − x˜
2eµ˜ + y˜2
x˜2 + y˜2
dx˜2 − 2x˜y˜
x˜2 + y˜2
(eµ˜ − eν˜) dx˜ dy˜
− y˜
2eµ˜ + x˜2e−ν˜
x˜2 + y˜2
dy˜2 − eµ˜ dz˜2 + eν˜ dt˜2, (3.3)
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where
ν˜ (x˜, y˜, z˜) = −2
[
m1
r˜1
+
m2
r˜2
]
(3.4.1)
µ˜ (x˜, y˜, z˜) = 2
[
m1
r˜1
+
m2
r˜2
]
− (x˜2 + y˜) [m1
r˜41
+
m2
r˜42
]
+
m1m2
a2
[(
x˜2 + y˜2 + z˜2 − a2
r˜1r˜2
)
− 1
]
, (3.4.2)
and
r˜21 = x˜
2 + y˜2 + z˜2 + a2 − 2az˜
r˜22 = x˜
2 + y˜2 + z˜2 + a2 + 2az˜.
}
(3.5)
The metric (3.3) represents the gravitational field of two singularities, and has axial symmetry about the z˜-axis.
We next write the solution in the spherical polar coordinates. This may be not adapted to the symmetry of
the solution in the static case but it will be beneficial in the no-static case. Now we are going to apply a second
transformation to represent the metric (3.3) in spherical polar coordinate, as follows
TII : (x˜, y˜, z˜, t˜) −→ (rˆ, θˆ, φˆ, tˆ)
i.e.
x˜ = rˆ cos θˆ
y˜ = rˆ sin θˆ cos φˆ
z˜ = rˆ sin θˆ sin φˆ
t˜ = tˆ
 (3.6)
where 0 ≤ θ ≤ pi and 0 ≤ φ ≤ 2pi. One can notice that the transformation TII is not the conventional
transformation. Consequently, the angle φˆ is not the same angle φ¯, given in the standard Curzon solution.
Since,
dsˆ2(xˆγ) = ds˜2(x˜α).
Then, the metric coefficient will be given by
grˆrˆ = −eµˆ (3.7.1)
gθˆθˆ = −rˆ2
cos2 θˆ sin2 φˆ eµˆ + cos2 φˆ e−νˆ
cos2 θˆ + sin2 θˆ cos2 φˆ
(3.7.2)
gθˆφˆ = −
rˆ2 sin θˆ sin φˆ cos θˆ cos φˆ
cos2 θˆ + sin2 θˆ cos2 φˆ
(
eµˆ − e−νˆ) (3.7.3)
gφˆφˆ = −rˆ2 sin2 θˆ
cos2 θˆ sin2 φˆ e−νˆ + cos2 φˆ eµˆ
cos2 θˆ + sin2 θˆ cos2 φˆ
(3.7.4)
gtˆtˆ = e
νˆ (3.7.5)
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where
νˆ(rˆ, θˆ, φˆ) = −2
[
m1
rˆ1
+
m2
rˆ2
]
(3.8.1)
µˆ(rˆ, θˆ, φˆ) = 2
[
m1
rˆ1
+
m2
rˆ2
]
−rˆ2
(
cos2 θˆ + sin2 θˆ cos2 φˆ
)[m1
rˆ41
+
m2
rˆ42
]
+
m1m2
a2
[(
rˆ2 − a2
rˆ1rˆ2
)
− 1
]
(3.8.2)
and
rˆ21 = (rˆ + a)
2 − 2arˆ(1 + sin θˆ sin φˆ)
rˆ22 = (rˆ + a)
2 − 2arˆ(1− sin θˆ sin φˆ)
}
(3.9)
The solution in this form is ready to be written in a rotating reference frame. In view of the previous illustration,
considering the non-static case assumptions, given in §3.1, we apply the third transformation
TIII : (rˆ, θˆ, φˆ, tˆ) −→ (r, θ, φ, t)
The following rotating platform defines a non-time-orthogonal physical frame (because of the time-dependence of
phi), unlike the stationary (i.e. inertial) case; i.e.
rˆ = r,
θˆ = θ,
φˆ = φ+ ωt,
tˆ = t,
 (3.10)
which if combined with the transformation law of the scalar,
ds2(xσ) = dsˆ2(xˆγ),
would give the following non-vanishing components of the metric tensor in terms of the new coordinate system (r,
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θ, φ, t).
grr = −eµ, (3.11.1)
gθθ = −r2 cos
2 θ sin2(φ+ ωt) eµ + cos2(φ+ ωt) e−ν[
cos2 θ + sin2 θ cos2(φ+ ωt)
] , (3.11.2)
gθφ = − r
2 sin θ sin (φ+ ωt) cos θ cos (φ+ ωt)[
cos2 θ + sin2 θ cos2(φ+ ωt)
] (eµ − e−ν) , (3.11.3)
gθt = −ω r
2 sin θ sin (φ+ ωt) cos θ cos (φ+ ωt)[
cos2 θ + sin2 θ cos2(φ+ ωt)
] (eµ − e−ν) , (3.11.4)
gφφ = −r2 sin2 θ cos
2 θ sin2(φ+ ωt) e−ν + cos2(φ+ ωt) eµ[
cos2 θ + sin2 θ cos2(φ+ ωt)
] , (3.11.5)
gφt = −ωr2 sin2 θ cos
2 θ sin2(φ+ ωt) e−ν + cos2(φ+ ωt) eµ[
cos2 θ + sin2 θ cos2(φ+ ωt)
] , (3.11.6)
gtt = −
[
ω2r2 sin2 θ
(
cos2 θ sin2(φ+ ωt) e−ν + cos2(φ+ ωt) eµ
)
−(cos2 θ + sin2 θ cos2(φ+ ωt)) eν]/[
cos2 θ + sin2 θ cos2(φ+ ωt)
]
, (3.11.7)
while (3.8.1), (3.8.2) and (3.9) now read:
ν (r, θ, φ, t) = −2
[
m1
r1
+
m2
r2
]
, (3.12.1)
µ (r, θ, φ, t) = 2
[
m1
r1
+
m2
r2
]
−r2 (cos2 θ + sin2 θ cos2 (φ+ ωt)) [m21
r41
+
m22
r42
]
+
m1m2
a2
[(
r2 − a2
r1r2
)
− 1
]
, (3.12.2)
and
r21 = (r + a)
2 − 2ar(1 + sin θ sin (φ+ ωt)),
r22 = (r + a)
2 − 2ar(1− sin θ sin (φ+ ωt)).
}
(3.13)
Thus the set of quantities (3.11.1)-(3.11.7) represents the field which is produced by a dynamical two-body system,
at any chosen point outside the two singularities. We have to mention here the introduced rotational motion provide
a completely different view for the binary system. However the treatment of the translational motion incorporates
the very notion of inertial reference frames and inertial observers, whereas rotating systems do not identify any
class of equivalent observers. Also from the general relativity view we know that a mass curves space time around.
If the source of the gravitational field rotates, the peculiar motion introduces further warps in spacetime, producing
expectedly measurable effects on spacetime. This is important because it could give an opportunity to verify a
general relativistic effect caused by the angular momentum of a source of gravitational field.
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4 Boundary Conditions on the Field
The line element of the modified Curzon solution is given in terms of spherical polar coordinates (r,θ,φ,t). In
order to check this solution one should obtain the flat space metric and Schwarzschild metric as limiting cases
under certain conditions.
4.1 First Check: Flat Space Metric
It can be easily shown that the µ and ν functions, given by (3.12.1) and (3.12.2), vanish as r1, r2 → ∞, i.e. at a
large distance from the binary system. In this case the metric coefficients (3.11.1)-(3.11.7) will become
grr = −1, gθθ = −r2, gφφ = −r2 sin2 θ, gtt = 1
and the line element will reduce to
ds2 = −dr2 − r2dθ2 − r2 sin2 θdφ2 + dt2
which describes the space in absence of the gravitational field.
4.2 Second check: Schwarzschild Metric
Taking ω = 0, m1 + m2 = m, and taking r large enough, r1 ≈ r2 ≈ r, such that O
(
1
r2
)
→ 0. In this case the
metric coefficients (3.11.1)-(3.11.7) will become
grr = −eµ, gθθ = −r2eµ, gφφ = −r2 sin2 θeµ, gtt = eν ,
and the line element can be written as
ds2 = −e2µ∗(dr2 + r2dθ2 + r2 sin2 θdφ2) + e2ν∗dt2,
where
ν∗ = −
[
m1
r1
+
m2
r2
]
= −m
r
µ∗ =
[
m1
r1
+
m2
r2
]
+O
(
1
r2
)
=
m
r
,
then the line element can be rewritten as
ds2 = −
[
1 +
m
r
+O
(
1
r2
)]2
(dr2 + r2dθ2 + r2 sin2 θdφ)
+
[
1 +
m
r
+O
(
1
r2
)]−2
dt2.
Apply the transformation R = r +m, we get
ds2 = −
(
1− 2m
R
)−1
dR2 −R2dθ2 −R2 sin2 θdφ2 +
(
1− 2m
R
)
dt2,
which represents the line element of Schwarzschild gravitational field in its standard form.
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4.3 Scalar invariant and Singularities
according to the original solution given by Curzon, the solution is singular at the two masses of the binary system.
We examine the solution in its modified version, after rotation, to check if the solution is free from new singularities
or not. This can be done by checking the curvature scalar. Now the suggested singularities are raised at
2eµ
[
cos2(φ+ ωt) + sin2(φ+ ωt)cos2θ
]3 [
cos2 θ + sin2 θ cos2(φ+ ωt)
]
r2 sin2 θ = 0
by solving the above equation for ω, we find
ω =
−φ± i tanh−1 (csc θ)
t
,
ω =
−φ± pi/2∓ i sinh−1 (cot θ)
t
,
Taking initially θ = pi/2, we find the same solution for the above conditions
ω =
−φ± pi/2
t
. (4.1)
The effect of the rotation φˆ = φ + ωt can be applied everywhere in the spacetime without need to a regularity
condition. And so the solution is free from new singularities due to phase shift pi/2t. In another word, one can say
that the world line of the pulsar and its companion is characterized by
t =
−φ± pi/2
ω
, (4.2)
where the (+ve) sign corresponds to corotation “pulsar” and the (-ve) one to counter-rotation “companion” half
loop for each.
4.4 Killing Vectors
In the general theory of relativity, no hope to solve Einstein’s field equations exactly without imposing a symme-
try. The axially symmetric assumption is a very natural assumption. Geometrically, axial symmetry means the
existence of a spacelike rotational killing vector ∂/∂ϕ. Also, we wish this spacetime to be at least locally asymp-
totically flat to describe finite sources. In addition, it appears hopeless to search for a radiative spacetime with only
one symmetry. We summarize this in the following conditions
1. A natural assumption is axially symmetric.
2. The spacetime should be, at least, locally asymptotically flat.
To gain better insight into curved spacetimes with a rotational symmetry let us first consider the Minkowski space-
time where the two Killing vectors and their norms have the form
• the axial Killing vector
ξ = − cos (φ+ ωt)∂θ + cot θ sin (φ+ ωt)∂φ, (4.3)
• the rotation Killing vector
η = ∂t − ω∂φ. (4.4)
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In fact, the whole structure of group orbits in rotation symmetric curved spacetimes is similar to the generated
structure by the axial and rotation Killing vectors in Minkowiski space. One obtains a similar picture for a curved
spacetimes with a rotational symmetry by checking the invariance of a metric (or of any other field) in a time
direction.
ξα ν = cos (φ+ ωt)∂θν − cot θ sin (φ+ ωt)∂φν = 0, (4.5.1)
ξα µ = cos (φ+ ωt)∂θµ− cot θ sin (φ+ ωt)∂φµ = 0, (4.5.2)
ηα ν = ω∂φν − ∂tν = 0, (4.5.3)
ηα µ = ω∂φµ− ∂tµ = 0. (4.5.4)
Where µ and ν are the two functions characterizing the metric.
In Bonnor’s work the transformation has been done between the radial coordinate z and the temporal t, which
gives a radiative property on the axis of symmetry as the two singularities vibrate [14, 26]. Actually the radiative
properties are due to exchange projections (partially) of phenomenon between temporal and spacial coordinates.
Here in the present work we expect the same partial exchange case, but between the azimuthal angle φ and the
temporal t. Similarly, we expect a different quantitatively radiative behavior but more physical3.
5 Motion in The Modified Curzon Field
“spacetime tells matter how to move, and matter tells spacetime how to curve” [27]. We have seen how matter tells
spacetime how to curve, now we would like to search how spacetime tells matter how to move!! So we calculate
the non-vanishing Christoffel symbol coefficients of the second kind (symmetric in first two indices) for the space
represented by (3.11.1)-(3.11.7). By using the calculated values of the Christoffel symbols and apply the geodesic
equation,
d2xα
ds2
+ Γαµν
dxµ
ds
dxν
ds
= 0,
one can formulate the equations of motion of a test particle in the gravitational field of a binary system. In this
way we can treat the motion of a test particle like a third body in the binary system, without adopting perturbation
techniques. If so, we can describe the motion of a massless particle (e.g. photon), in the field of the binary pulsar
using a null geodesic. To test planer motion, we put x2 = θ in the equations of motion and using the calculated
values of the Christoffel symbols Γ, we can see that the differential equation for the angle θ can be written as,
d2θ
ds2
+
[
Adr
ds
+ Bdθ
ds
+ C dφ
ds
+D dt
ds
]
dθ
ds
= 0,
where A, B, C, and D are known functions. By taking initially θ = θ0 = pi2 , and
(
dθ
ds
)
0
= 0, we get from the
above equation
d2θ
ds2
= 0,
then
θ˙ ≡ dθ
ds
= 0. (5.1)
It is clear from this solution that the motion of a test particle is a planer motion. Now restricting ourselves by
taking the plane θ = pi/2 for an eclipsing binary. In this case the line element will become
ds2 = −eµdr2 − r2eµdφ2 − 2ωr2eµdφdt+ (eν − ω2r2eµ) dt2. (5.2)
3This work is in progress now
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For x3 = φ, the equation of motion becomes,
d
ds
[
−2r2eµφ˙− 2ωr2eµt˙
]
= eν (νφ − µφ) t˙2, (5.3)
where µφ =
∂µ
∂φ
, and νφ =
∂ν
∂φ
. This leads to
r2eµ
(
φ˙+ ωt˙
)
= −1
2
∫
eν (νφ − µφ) t˙ dt+L , (5.4)
whereL is an arbitrary constant.
Similarly, for x4 = t, we get
d
ds
[
−2ωr2eµφ˙+ 2 (eν − ω2r2eµ) t˙] = eν (νt − µt) t˙2. (5.5)
The above differential equation leads to
ωr2eµ
(
φ˙+ ωt˙
)
− eν t˙ = −1
2
∫
eν (νt − µt) t˙ dt− E , (5.6)
where E is another arbitrary constant.
Recalling equations (3.12.1), (3.12.2), (4.5.3) and (4.5.4), multiplying (5.4) by the constant ω, combining it
with (5.6) and solving the equations for t˙, we get,
t˙ = (E + ωL ) e−ν . (5.7)
Similarly, solving for φ˙, we get
φ˙ =
L
r2
e−µ − ω (E + ωL ) e−ν − (E + ωL )Fφ, (5.8)
where
Fφ =
e−µ
2r2
∫
(νφ − µφ) dt.
It is easy to show that Fφ ≈ O
(
1
r3
)
, which can be ignored for the time being, therefore
φ˙ ≈ L
r2
e−µ − ω (E + ωL ) e−ν +O
(
1
r3
)
. (5.9)
Recalling equation (5.2), and substituting from (5.7) and (5.9), we get for r˙
r˙ =
√
(E + ωL )2 e−µ−ν − e−µ
(
B +
L 2
r2
e−µ
)
, (5.10)
where the parameter B is defined as
B =
{
0, for a photon;
1, for a material test particle.
In what follows, we are going to extract some physical features from the above results by considering some
special cases.
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5.1 Boundary Conditions on Equations of Motion
(a) The Linear Approximation Limiting Case:
Assuming that the source of field is too distant from the observer, as done in section 4, then we can consider that
r ' r1 ' r2. Also the total mass of the system is m = m1 + m2. By taking the approximation r  m so that
O
(
m2
r2
)
→ 0, then
eµ = e−ν ≈
(
1− 2m
r
)−1
,
and
θ˙ = 0, (5.11.1)
t˙ ≈ (E + ωL )(
1− 2m
r
) , (5.11.2)
φ˙ ≈ L
r2
− ω (E + ωL )(
1− 2m
r
) , (5.11.3)
r˙ ≈
√
(E + ωL )2 −
(
1− 2m
r
)(
B +
L 2
r2
)
. (5.11.4)
It is clear that the above equations are similar to the motion in the Schwarzschild case except for some additional
terms depending on the angular velocity ω. Also, from our experience in classical mechanics it is clear that the
constants of integrations L and E are, respectively, representing the angular momentum and the energy of the
moving test particle.
(b) The Static Field:
Taking ω = 0, we get the following set of differential equations:
θ˙ = 0, (5.12.1)
t˙ ≈ E(
1− 2m
r
) , (5.12.2)
φ˙ ≈ L
r2
, (5.12.3)
r˙ ≈
√
E 2 −
(
1− 2m
r
)(
B +
L 2
r2
)
. (5.12.4)
which is now identical to the motion in Schwarzschild field.
After all, our attempt is to show how some measurable quantities (e.g. redshift and time delay in the field of
binary systems) can be extracted by using of the solution of the equations of motion.
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Fig. 1: the null path of pulses at the superior conjunction. It is clear that the contribution of the position of the
pulsar and its companion to the time delay within the orbit size should be taken into account as expected for time
dependent field.
6 Time Delay in Binary Systems
Many measurable quantities can be evaluated by using the model suggested in the present work. One of these
quantities is the time delay due to the gravitational field of a binary pulsar. Since the discovery of the first pulsar in
a binary system [28], many trials have been done to describe the characteristics of the binary pulsar system in the
frame of the general relativity, which gives good prediction compatible with the observational results, especially
the orbital decay resulting from the emission of the gravitational radiation [29, 30, 31, 32]. The most significant
theory-independent models are given in the literature [33, 34, 35, 36, 37, 38, 39], all of them are based on the
arrival times of the pulses from a pulsar.
Also, many articles have been devoted to predict the time delay of the pulsation due to presence of the pulsar in
the field of its companion [40]. Furthermore, some authors have studied the effect of the rotation of the companion
on the pulsation arrival times of the primary[41]. Moreover, the effect of the gravito-magnetic correction on the
Shapiro time delay due to the intrinsic angular momentum of the stars has been studied [42, 43].
The general relativity involves many post newtonian effects which still can be considered as relativistic gravi-
toelectric effects, c.f. [44]. Another effect can be studied in the present modified version of Curzon solution is the
gravito-magnetic field due to the orbital motion of the pulsar and its companion. The gravito-magnetic clock effect
involves a certain characteristic temporal structure around rotating source of gravitational field. But these effects
are generally small to the so called gravito-electric interaction. This makes their detection very difficult. Many
authors has investigated the gravito-magnetic effects in binary pulsar systems due to the rotation of the companion.
They pointed out the difficulties of the detection of these effects [45, 41, 46, 47], [48, 49, 50, 51, 52]. In par-
ticular, we investigate other possible relativistic effects, in addition to original Shapiro time delay, resulting from
the angular orbital motion of the members of binary system (gravito-magnetic) in a time dependent gravitational
field. We have assumed that light rays (pulses) are traveling from the pulsar of the binary system to the earth
along a null-geodesic, which lies in the orbital plane (θ = pi/2). Also, we assume that its closest approach to the
companion is
r sin(φ+ ωt) ≈ d, (6.1)
Due to the strong curvature of the gravitational field we take d as the radius of the magnetosphere of the companion
rather than the impact parameter, see Figure (1). It is possible to obtain a relation between the time of arrival of
a pulse at the Earth tarr and its time of emission tem. This can be done by determining the relationship between
the time and space coordinates along the world-line of a light ray. Writing the line element for an eclipsing binary
system (5.2), after some easily algebraic calculations. we get the line element for a ray of light,
0 = −eµdr2 − r2eµ (dφ+ ωdt)2 + eνdt2. (6.2)
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From (6.1) we can reexpress r2 (dφ+ ωdt)2 in terms of r and dr, so that
dt2 = eµ−ν sec2 (φ+ ωt) dr2,
=
eµ−νdr2
(1− d2/r2) . (6.3)
In the above equation the potential functions (3.12.1), (3.12.2) are written, in terms of the radial coordinate r, as
ν = − 2m1√
(r + a)2 − 2 a r (1 + d/r) −
2m2√
(r + a)2 − 2 a r (1− d/r) ,
and
µ =
2m1√
(r + a)2 − 2 a r (1 + d/r) +
2m2√
(r + a)2 − 2 a r (1− d/r)
− r2
(
1− d
2
r2
) [
m1
2
[(r + a)2 − 2 a r (1 + d/r)]2 +
m2
2
[(r + a)2 − 2 a r (1− d/r)]2
]
+
m1m2
a2
[
r2 − a2√
(r + a)2 − 2 a r (1 + d/r)√(r + a)2 − 2 a r (1− d/r) − 1
]
. (6.4)
We now take the square root of (6.3), expanding dt to the order O(r−4), then integrating as usual, we get the total
time δt
δt =
∫ tarr
tem
dt =
∫ td
tem
dt+
∫ tarr
td
dt.
We obtain the time of flight required for a pulse to travel, in the equatorial plane, from the binary system to an
arbitrary point r, in the form
δt± =
√
r2 − d2 −
√
a2 − d2 + 2(m1 +m2) ln
(
r +
√
r2 − d2
a+
√
a2 − d2
)
+ a(m1 +m2)
[
r
√
a2 − d2 − a√r2 − d2
r d2
]
+
3(m1 +m2)
2
2d
[
arctan
(
d(
√
r2 − d2 − a)√
r2 − d2 + d2
)
− arctan
(
d(
√
a2 − d2 − a)√
a2 − d2 + d2
)]
− (m1 +m2)
3
3
[
r
√
a2 − d2 − a√r2 − d2
a r d2
]
∓ 2(m2 −m1)
[
r
√
a2 − d2 − a√r2 − d2
r d
]
.
(6.5)
The above equation gives an explicit form of the time delay of the pulses due to time dependent gravitational field
of a binary system. Let δt± be the time of flight when revolution is in the same (opposite) sense as the rotation of
the source. It shows that the time of flight dependance on the masses of the two members of the binary system m1
and m2. This can be easily understood since the gravitational field in the suggested model is due to the field of the
two masses of the binary system, which is different from case of the Schwarzschild field. The first two terms in
the above equation corresponds to signal propagation in flat space-time. The third term is the original gravitational
Shapiro time delay. While the fourth term is the geometrical time delay, usually discarded in the Solar system. The
fifth term is a third order correction in masses to Shapiro time delay. In particular we are interested in the gravito-
magnetic term which is presented by the last term. This type of delay is sensitive to the change of the phase of the
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two members of the binary system. Its max effect is near the superior conjunction. Since it is antisymmetric, its
contribution can be separated from other time delays. This can be done by taking the time difference between two
identical signals emitted from the system when it rotates in two different directions.
∆t = [δt+(rem, rd) + δt+(rd, rarr)]− [δt−(rem, rd) + δt−(rd, rarr)] ,
=4(m1 −m2)
[
r
√
a2 − d2 − a√r2 − d2
r d
]
.
(6.6)
Actually the typical radius of a neutron star is about 10 km which makes a large delay to Shapiro time. Unfortu-
nately, the effect of a large magnetosheath keeps the magnitude of the gravito-magnetic correction not that large
as expected, according to equation (6.6), few µs ≈ 0.018± 0.001 µs, as pulses are not received during the period
of the eclipse by the companion magnetosheath. Although The smallness of the gravito-magnetic delay would
require long data taking times, it is not affected by any drift or noise. So it should emerged in the long period phe-
nomena. While we expect a significant value of this effect of this delay for binary systems during their coalescence.
One can see an additional terms in equation (6.5) due a shift of the coordinate system to the center of mass of
the binary system. In order to compare our result to previous treatments, we shift the frame of reference to be at
the center of the companion, and reexpress the obtained equation (6.5) we get
δt± =
√
r2 − d2 + 2 (m1 +m2) ln
(
r +
√
r2 − d2
d
)
− [(m1 +m2) a2 ∓ 2ad (m1 −m2)] √r2 − d2
d2r
+
3
4
(m1 +m2)
2
d
[
pi − 2 arctan
(
d√
r2 − d2
)]
+
1
3
(m1 +m2)
3
√
r2 − d2
d2r
.
(6.7)
The above equation is very similar to the time delay in kerr field when the spin of the companion is taken into
account and time of flight within the system is ignored, see [53, 41]. The difference from the work of [53] is that
the last term here represent the gravito-magnetic effect due to the orbital motion of the pulsar and its companion
not the spin of the companion.
6.1 Applications to PSR J0737-3039A & B
We next apply the obtained equation for the time of flight (6.5) on the double pulsar system PSR J0737-3039.
This system is the only system observed in which both members are neutron stars, so far, with comparable masses
which are pulsating. It has a nearly circular orbit with an eccentricity e = 0.088 and angle of inclination is 88.69◦
so it is observed nearly edge-on. Also this binary has a radius of 1.25R, thus the entire system could fit within
our sun. Also it has a very small orbital period of 2.45 hours allowing a rapid accumulating relativistic effects of
higher orders. Other useful information appear in Table (1).
Table 1: Some observed quantities of the binary pulsar PSR J0737-3039 A&B [7, 8].
distance orbital radius angular velocity Mass A Mass B
r (lightyear) a (km) ω (s−1) M2 M1
1700 1.25R 7× 10−4 1.25(5)M 1.37(5)M
For this system we give an estimated numerical values of the contribution of each term according to equation (6.5).
We use the relativistic units c = G = 1. Assuming that the closest approach to the companion (≈ 1.81× 104 km)
at the conjunction line as seen during the eclipse observations c.f. [54]. We get the first and second terms are of an
order of magnitude 0.5364791999× 1011 s ≈ 1700 lightyear, which represents the time of flight in flat space from
the system to Earth. The contribution of the mass to the (geometric) time delay is 6.38±0.013 µs. The max Shapiro
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Fig. 2: A model curve for the gravito-magnetic time delay over one orbital revolution. Its maximum effect at the
superior conjunction. This effect is accumulative so it requires a long time observations to be taken into account.
time delay is 602.8 ± 1.25 µs due to presence of the field of both members M1 and M2 at the closest approach
to the companion at the conjunction line. The second order correction to the mass term is 8.3 ± 0.035 × 10−9 s.
The third order correction to the mass term is 4.1 ± 0.026 × 10−15 s. The contribution of the gravito-magnetic
term is of an order of magnitude 0.89 ± 0.05 × 10−8 s. Also we draw a model curve for for equation (6.6) the
gravito-magnetic time delay during one revolution, see Figure (2). This correction and similar corrections, c.f.
[55], should be taking into account especially during the coalescence phase. As we mention before this term is
not affected by a drift or noise and it requires long time observation. However, this effect will be affective during
the last phase of the evolution of the system. It is expected to be 0.21 ± 0.013 µs when the separation is nearly
0.22 R.
7 Conclusion and Prospective
In the present work, we discussed two major problems the two body problem in the general theory of relativity and
the effect of the rotating frame of reference on the spacetime. The first problem has been tackled before by Curzon,
but the static configuration of the solution he obtained does not give any physical representation in Nature. Also,
we mentioned that the trials to generate stationary solutions, to give what is like double-Kerr solution in order to
hold the two singularities apart, are also un-physical. Further, we visited another important problem which is the
effect of a rotating (non-inertial) frame in the special relativity theory and the general relativity theory as well. In
another word, on the curvature of spacetime geometry.
This led us to rewrite the Curzon solution in a rotating frame of reference suitable for describing the orbital
motion of the two masses. This enabled us to give a new forsight on the physical quantities relative to an observer
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at rest in the rotating frame. We checked that the solution does not need any additional regularity condition to
keep the rotation on. Also we give the killing vector due to rotational symmetry imposed by rotation. Moreover,
we derived and solved the equations of motion in the modified version of the Curzon field. Furthermore, we used
the obtained equations to calculate the time delay in the binary pulsar systems. Finally we applied the obtained
results in the case of the binary pulsars PSR J0737-3039A & B. The study of the gravito-magnetic effects on the
gravitational time delay appears as a correction to the gravito-electric contribution. These effects are generally
small, since the coupling with the orbital angular momentum of the binary is much weaker than the coupling with
mass alone. This makes their detection difficult. While the gravito-magnetic interaction has a leading role when
studying the phenomenon of the gravitational Faraday rotation [51].
The authors also would like to mention that the modified solution enables them to go over to a more useful
benefit of this model which is its capability to calculate the redshift, on a curved spacetime, of the pulsations
of highly relativistic systems (binary pulsars) PSR J0737-3039A & B like, in a natural way. Also, The model
enables them to calculate the energy of the binary pulsars by using one of the famous methods (e.g. Mo¨ller energy-
momentum complex) c.f. [56, 57]. In this way we can estimate the decay of the orbital period due to gravitational
radiation, coalescence rate and the gravitational radiation of the compact binary systems when it is not necessary
to require the weak-field initial data. Furthermore, the model will be efficient to study a triple pulsar system PSR
B1620-26 [58].
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